Bone marrow contains a population of stem cells that can support hematopoiesis and can differentiate into different cell lines including adipocytes, osteocytes, chondrocytes, myocytes, astrocytes, and tenocytes. These cells have been denoted mesenchymal stem cells. In the present study we isolated a cell population derived from the endothelium and subendothelium of the umbilical cord vein which possesses morphological, immunophenotypical and cell differentiation characteristics similar to those of mesenchymal stem cells isolated from bone marrow. The cells were isolated from three umbilical cords after treatment of the umbilical vein lumen with collagenase. The cell population isolated consisted of adherent cells with fibroblastoid morphology which, when properly stimulated, gave origin to adipocytes and osteocytes in culture. Immunophenotypically, this cell population was found to be positive for the CD29, CD13, CD44, CD49e, CD54, CD90 and HLA-class 1 markers and negative for CD45, CD14, glycophorin A, HLA-DR, CD51/61, CD106, and CD49d. The characteristics described are the same as those presented by bone marrow mesenchymal stem cells. Taken together, these findings indicate that the umbilical cord obtained from term deliveries is an important source of mesenchymal stem cells that could be used in cell therapy protocols.
Bone marrow (BM) contains a special population of stem cells able to support hematopoiesis and to differentiate into different cell lines (adipogenic, osteogenic, chondrogenic, myogenic, and cardiomyogenic lines) (1, 2) . These cells were first described in 1974 by Friedenstein et al. (3) , who characterized them as fibroblastic stem cells capable of forming colonies (fibroblast colonyforming units, CFU-F). The CFU-F designation was later replaced by stromal BM fibroblasts (4) and today these cells are called mesenchymal stem cells (MSC) (5) . Operationally, this cell population derived from mononuclear BM cells is composed of cells adhering to the culture plate when cultivated in classical culture medium supplemented only with fetal calf serum. These cells have a fibroblastoid morphology, a high replicative capacity and, after an appropriate stimulus, they can differentiate into at least seven cell types, i.e., osteocytes, chondrocytes, adipocytes, tenocytes, myotubules, astrocytes, and stromal cells able to support hematopoiesis (6) .
In addition to being present in BM, MSC have been demonstrated to occur in various organs and in the circulating blood of preterm fetuses, where they circulate together with hematopoietic stem cells (7, 8) . The presence of MSC in umbilical cord blood of term infants is a controversial topic (9). Wexler et al. (10) concluded that umbilical cord blood and peripheral blood with stem cell mobilization do not contain MSC.
The objective of the present investigation was to determine the presence of MSC in the vascular endothelium of the umbilical cord vein of infants born at term. Thus, three umbilical cords were obtained from term deliveries after each mother signed a donation form according to a protocol approved by the Research Ethics Committee of HCRP-USP. The umbilical vein was catheterized and washed twice internally with 1X PBS and its distal end was clamped. The vein was then filled with a 1% collagenase solution (Sigma, St. Louis, MO, USA) in PBS and the proximal end was occluded. After incubation at 37ºC for 20 min, the collagenase solution was drained and the cells of the endothelial and subendothelial layers were collected by washing with PBS. The cell suspension was centrifuged at 400 g and the cell pellet was resuspended in 199 growth medium (Sigma) supplemented with 20% fetal calf serum (HyClone, Logan, UT, USA), 2 mM L-glutamine (Gibco-BRL, Gaithersburg, MD, USA), 100 U penicillin/streptomycin (Sigma), 1X endothelial cell growth factor (Sigma), and 10 ng/ml vascular endothelial growth factor (Sigma). Next, the cells were counted and plated onto 25-cm 2 culture bottles (Cellstar, Greiner, Germany) at the concentration of 10 5 /ml. After 4 days of culture the medium was changed and nonadherent cells were removed. After 3 weeks with weekly medium changes, fibroblastoid cells became the predominant cells in culture. At that time the culture medium was replaced with α-MEM (Gibco) supplemented with 20% fetal calf serum (HyClone), 2 mM L-glutamine (Gibco), and 100 U penicillin/streptomycin (Sigma). When the cells reached confluence they were trypsinized (5 mg trypsin/ml PBS), washed in PBS, resuspended in 20 ml medium, and replated onto 75-cm 2 bottles (Cellstar) for expansion. After expansion, the cells were trypsinized again and analyzed with a flow cytometer (FACsort, BD, San Jose, CA, USA). The following monoclonal antibodies were used: CD13-PE, CD14-PE, CD29-PE, CD49d-PE, CD49e-PE, CD54-PE, CD106-PE, glycophorin-PE, CD44-FITC, CD45-FITC, CD51/61-FITC, CD90-FITC, HLA-class 1-FITC, and HLA-DR-FITC (Pharmingen, San Diego, CA, USA).
Assays of adipogenic and osteogenic differentiation were performed after the third cell passage by plating 10 4 cells onto 3.6-cm 2 plates. The stimulus for adipogenic differentiation consisted of culture for 15 to 21 days in α-MEM medium supplemented with 10 µg/ml insulin (Novo Nordisk, São Paulo, SP, Brazil), 100 µM/ml indomethacin (Sigma), and 1 µM/ml dexamethasone (Sigma). Osteogenic differentiation was induced for 3 weeks with α-MEM medium supplemented with 200 µM/ml ascorbic acid (Sigma), 0.1 µM/ml dexamethasone and 10 mM/ml ß-glycerophosphate. In both cultures the medium was changed twice a week. The effectiveness of differentiation was assessed by histochemical staining. For adipocyte identification the cells were fixed in 10% formol for 30 min and stained with Sudan III for 1 min. Osteocytes were identified after fixation with an ice-cold solution of absolute methanol and 33% formaldehyde (9:1, v/v) and by silver nitrate staining for the identification of hydroxyapatite crystals (von Kossa) and alkaline phosphatase. Control cultures without the differentiation stimuli were car-Mesenchymal stem cells from the umbilical vein ried out in parallel to the experiments and stained in the same manner.
After 24 h of culture, two types of adherent cells were observed: a more numerous cell population consisting of small flattened cells morphologically similar to the endothelial cells (human umbilical vein endothelial cells), and a population consisting of a few spindle-shape fibroblastoid cells preliminarily identified as MSC. After 1 week of culture, these MSC became the predominant cell type. After the second cell passage the MSC cultures appeared to be homogeneous and with a high replicative potential. This potential remained unchanged over 20 cell passages when the cells were cultured and maintained at low concentrations. When they reached high confluence, the cells lost their replicative potential and presented morphological changes.
In the cytometric analysis, MSC did not present labeling for the hematopoietic line (CD45-, CD14-, glycophorin A-) or for HLA-DR, CD51/61, CD106 (VCAM-1), and CD49d (integrin α4) and were positive for the following adhesion molecules: CD29 (integrin ß1), CD13 (aminopeptidase), CD44 (H-CAM), CD49e (integrin α5), CD54 (ICAM-1), CD90 (Thy 1), and HLA-class 1 (Figure 1) .
MSC culture in adipogenic differentiation medium led to the appearance, after 7 days, of larger rounded cells presenting numerous fat vacuoles in the cytoplasm visualized by Sudan III staining. The number of these cells increased continuously up to the 20th day of culture and remained stable for more than two months of culture (Figure 2) .
The osteogenic stimulus of MSC led to the appearance, after 15 days of culture, of refringent crystals on the cells, better visualized by silver nitrate staining. Staining with alkaline phosphatase and silver nitrate permitted us to demonstrate the presence of osteocytic differentiation in the induced MSC culture (Figure 2) .
In the present study we isolated a cell population derived from the endothelium or subendothelium of the umbilical cord vein with morphological, immunophenotypical and differentiation characteristics similar to those of MSC obtained from BM and originally described by Friedenstein et al. (3) . This is the first time that cells with these characteristics isolated from the endothelium or subendothelium of the human umbilical vein are extensively characterized from an immunophenotypical viewpoint. The immunophenotypical and morphological profile of these cells is the same as that of MSC isolated from BM (11, 12) . Romanov et al. (13) recently described cells isolated from the endothelium and subendothelium of the umbilical cord morphologically similar to those isolated here and also showing the ability of adipogenic and osteogenic differentiation. Although the biochemical markers used by these investigators were different from those employed in the present study, the cell type is probably the same in view of the similarities described, including cell adherence and fibroblastoid morphology. Additional studies are needed for further characterization of the pluripotentiality of these cells in view of the pluripotentiality of BMderived MSC (2) . The umbilical cord, in addition to containing hematopoietic stem cells, seems to also be an important source of MSC, a fact indicating the possibility of its use in cell therapy protocols.
